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(54) [«^«^3 ^^Xir^5y^X2fetm«»««B» 



(57) imm) 

mm] nvmBmomzmL. ®nxh 

[»*^«] ftS%"t\ SiO, 4 0-70 

% v A 1 , 0 3 10-4 2%. Li,0 1-13%, B 2 
O, 0-5%/P 2 O 5 4%*M?L1 0%5fcm, ZrO l 

0-2%, Ti0 2 + Zr0 2 0. 5-5. 5%<D&)?X 

#5, h (/3-L i 2 0 • A1 2 0 3 • 

2Si0 2 K ff-a-*y:/*-f HH^ft (<3-L i , 
O- Al.O, • 2S iO,H*f*> , /3-S^(<3-S 
1 O,) *$<tO*<8-53IH*« (iS-S i 0 2 @*§f*) CD 
*fr6iB«ft£4>fc< th ia£t±r*0, -4 0°C- 
+ 8 0 0 CCDSS«HiC*5^^«UKSB«»3W- 5X10" 
--90 x l 0- 7 /Kr&£ o 



(2) 



♦B#. &-*-?yy m Z<< h (iS-Li.O'Al.O, 

i ,0 • A 1 ,0, • 2 S i 0 2 H^ft) % |8-53S <fl- 
S i O a > feJ:0'/3-5^Hffift (i3-S i O a @^i*) 

[fB#JB2 ] -4 0 o C-+8 0m>fifigBH!'C:kW& 
<MUK5R»ft^-5x 1 0 ~ 7 --9 Ox l 0- 7 /Kt*§ 10 

[ 19*313 ] -4 0°C-+8 0'C<OjaKKHtC*jW4 
«»BH»«*-5x 1 0- 7 — 80X 1 0- 7 /K"C&& 

ct*»»it^ »*3ai 2 tattoo j^-b^ 

[fi#JB4 ] - 4 o °c- + 8 o ■coaSKHCCfctf'S 
»«^-5x 1 0 ? --6 Ox 1 0- ? /Kt*§ 

BBlBOtf^-fe^S v 9X a 20 

msas0Mtifi-&x i o- 7 /k-+s x i o-vm 
[ m$&s 8 ] ■ - 4 o -c- + 8 o txmhekhk: *5 w * 

XTV l/Xifi 2 0 pp m«Tr * 6Ci 
<fr5»3f&l l frh 7 ftt»-r#i*— qneiftotf** 

[m*jii o ] Aiji o,ea**wL 

a*, > c & *»« i r -sttsjaa i^gohi >-rn#>— 40 

[18*311 1] PbO, Na.OiJ^O'K^^IW 

[M«3li2] Si%T, 
S i O a 40-70% 
A 1 , 0 3 1 0-4 2% 

Li,0 1-13% 
B,0, 0-5% 

BaO 0—3% 50 



S r O 
MgO 
CaO 
ZnO 

PzO, 

Z r O, 
TiO, 

T 1 0,+.Z r O a 
Hf O, 

As,O j + Sb J 0 3 
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0-3% 
0-1 0% 
0-2% 
0-1 0% 
4%£iSAT 1 0%5fcg 
0-2% 
0-4% 
0. 5-5. 5% 
0-3% 
0-2% 



unison 3 ] . jsw*x«mbl 5 5 

0-800°CC0. 5-5 0BSBL »l©J»ftffll4tf 
l\ 6 0 0-9 5 O'C-CO. 5 — 3 0KfflL'ft 

[M*3ii 4] fs*^i^e» 1 3(D^^c^r^^Ji 

[0 00 1 ] 

-rw>^ (fiber qratinq) * £ & £3t7 r -Y 

* * ** «t c *i £*'Jjb i/ftiaanHnmcc pbt « . 

[0 002] 

[0 003] r * £« x 3fc?l 

^S^lWirSf^V^lt fflflSEYMctfc^-Y 
[0 0 04] *fc7 7^?U-f-f>MJ. 

^©^HSf^jaficc^orSYfc-rsA:*, 

YbCcJ:4§»ft«j««r*c<fc'3^«)6nTH*. 
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[0005] MK. %? 7 Art-VmvW&lcWQU. 

mm. iisfKfei>tt, ss^w 
gptc;^©i644i»±rs^(c, cnesiEg. &gS3?ft 
muse** ?>u ^mmm&commmmi^mwmi.c 

[0 006] SE^CtfcOrB, ±ie-c^/c J: 5 ftSJg 

. [0007] lzpu. c*ie>©tmtt. ^ti&sstefc©* 

f*©aK^b«:££f5S>£rci <•«:«. J&tftlvt&tN&S 

mmtisxte. iE<D*i*tm&*im&*ti%mir&*> 20 

ttH * & o# f4 #3 * *i -c 1 >s © r * & . 

[0 00 8] L-t^L. ±IB*0«U^3H^R«KFOtm« 
&BjIgfli£&#:fi©:£ faKfir < tcotrc . v -Y * n t> ~> -j 

< ft 3ffiirsj# * 5 . ts«tfj?sg*if# en 

&ut&fifiH5ff4£ l/tWr?(jt < cod J: 5 ft 
m&tflRfcT&tCtt. WHIM. tt*ft!lft3aL.ttl>« 30 

[0 00 9] 

*rt4&l/Ttt* HRK. /3 -a- ^ K (8 -a 

f*» **l>«K*6lift^tf L i,0-A hOj-S i O, 
Hr5; 5 W, Li.O-AliOj-SiO.S*^^ 
•fe53?:7*. ZnO-Al^j-SiO.f^Xt 

Xf^yj^-'JA, £ >^*7->|&5?>£ Jl/£c£*© 40 

mmmut^nhux^i 

[ 0 0 l 0 ] 000-503967 #&*BiCl;J:. 

©*^«, ftl^§S14*««t. C©*«©«ffiCCJRf)tfW 

nm-C*-p/ct>©*J0. 2nm*tte3A?.ntl>S. 
±GJU^SBttS1R« |S-.a-*y:/*-fh l§ Aft ST? 5 
tf^XHz^ 5 y f^*»6«c0. - 4 0 - 8 5 'CCattaB 50 
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iKfcUt, m&*&$$k&-2Qx l 0" 7 ~- 100X 
10-'/KT»5, mBmtZ7-Vi<'Xi>2 0ppm« 

[0 0 1 1 ] 0*»U CC-CfflC^6*X-CI.^^/-7^427 
5 7 7% ©©^l&^^flS/c&ec^&WfiiS.'J^ 
SftS*. i|g B a a «rStta/h^ftJfJBK-r'<< 5Mm«tO 
4>*#^4>©r*£„ C©J:5ftf^«+7}ft8M$Kj3ti 

Sfcgft/Ni^ft^tffctoK:. tt1*©ffii,>*r«&fcfg 
*Wftffiffl-r £ £ . »/hft§4g|3»{cA*ft^lS^ft 
^o#«^g«aiJ*i^aL/. J: *) My 3 » ?^**ot 

tifrl>c£fc:&&„ 

[0012] *fc*£JltBfc:ttA 1 ,T.i 0 5 ft^tf„ A 1 

mmmi&ffltiimittz.T-visz.&tsit. *g Disuse© 
*SJH#-MK;-®:t>-r . * fc»g*©#&*<* otter* ^ 
ft:*. &Sft*#<T£C£*ifflStr&sc£#*n6*i 
ti>-2>„ 3 6k:. SU£eh«:*ivc«. tembS-esfc 

at>KX/-7*f*:fti!>&< £fc 1 3 0 0"CiCtet»T3l$|gy 

[0013] ^2 0 00-3 1 36 54^ffl(Ctt, 

D^7^*ft^i5^^3#-5C<b{C«kO. -3 0X10 
- 1 8 5X1 0-'/K©t©IW«Ot7 3 * i> 

H«<b«ESI-rAS„ 

[0014] ^Fgg¥2 - 2 0 8 2 5 6^<a^{CB, 3EtS 
f§trr*£. ZnO-Al.O.-SiO^coffiiM 

L>fc©T*>-2. 15X10-/K (-21. 5X10 
■VK) 3ffe»{Cfil<>ft©^SR«»ftWUTt,> 

[0015] 3I5K. C©42-5 3 7 7XB, HfM"C#$ 
L/^^-HZnO^ft^SfC^WLz-Cl^/cii?). ±se& 

m6n-Si*jt}. ^-©^B$fB«l 07><!:@^{C5SC^ 

©r-*^,„ o^i-. c©J:^ft3SB$rat?«. iiffi-t?*^ 

^K^jS^l^^^ftfe^bb-C^l&Wftt^ 
Xftf#-SCiB-C#ftO„ 

[0016] <5tC, /77^ft^it^€.^. ji^f*>n* 
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[0017] £/c*H*5f?f5 6945 0 3*f&$Rfr*, JB 

Lrto'O, -4. 7 --9. 4 x l 0-VK©JJWBiR« 
6*»oZrW I 0,tlH!lt, -9. 4X10-VK 

[00 18] OH, ZrW.O.^HfW.O.tDMr 

,0 3 , SiO It ZrO,, MgO, CaCX Y a O^^ 
©IE©||!i»SM«»tW-r**W*, aEK:»*.T*©iB 20 

(Cttl-jLT. Z rW a O s ^H fW 2 0,53:1 5 7W2T« 

[0019] -toftcc, fi0fMUg3^£«r*OT£ 
IT, WO 9 7/1 4 9 8 3#£r«*>#H¥ 1 0-9 0 

*fcKffl*ft©«MWWHB»*- 1 0 0 x 1 0- 7 

[0 0 2 0] fil±© «fc 5«c, f^Oft^KSHftft^W 

[0 0 2 1] *^OBW«, JbffBiSttK:«#. ftMfg 
<D— ftBWftaKISHT** - 4 0 °0~ + 8 0 -CtCfeD 

[0 0 2 2 ] 50 



*SiB2 0 0 3- 1 92 38 5 
6 

$m<DL i 1 0 — A 1 ,0 3 -S i 0«**5^*<IW8H1L 
[0 02 3] -T&tofc. MsKfl 1 CCBB*©»Pltt* 41 

s%«±cdp i o-,«£*u .ttwatfi* fl-a-^.y 

^£ h (/3-L i 2 0 • A l,Oj * 2 S i O,) % £ - 

hHtttt.(0-L i , O • A 1 2 0 3 • 2 
S i O,«MI0v (/3-S i O,) *J<J:tf/S- 

e^a^ft (is -s i o,as») ©**&»«a*d> 

**X-C*9, it*3B2CCfBttO«l8W, -4 0°C- + 
8 0 XOj^H«:«tf iiiKSMMIW- 5 x 1 o 7 - 
-90xi0 ? VKr»SGitS«it5, 19*311 

WK, - 4 0.-C-+ 8 o^oUmKfctf 

5 x 10- 7 -- 8 0x1 o-vm-sci^ 

r& 0 % S»3jc3S4 KsattO»?8tt;- - 4 0 'C- + 8 0 °C 

ommMmtctevzmBmmLfr-sx i o- 7 ~-6o 

M*3B5CCiB»«>»98«. t>^2 0GPaH±r 

(D^PJ«, +>y**«e 0GPaKU:r**Ci*1*» 

^75?^^*9, lt*3B7CClB«(3[)»eB«. 
(t^«ffl<D^Wtx^^^S^m#«<D, -4 0°C 

-+80 "c<oiaaa5fflcc*5^^j»jKSRtsa^t^- 5 x 

1 0-VK-+5X1 O-VK-CWCi^Mit 

-+80 °COSSI5ffl K *5 3 ISlKSK b^r'J^2 
0 p pmaTC*SCi*1$»it5««ai*67(0 
5%l»m3S»— «IBiScc>^x-fe^^ ^m*?), If 

«r$>€»c4 4#m4*r6, M4bgnao»6 8a>9«t»r 
^sBtRo^x-fe^ ^ 9 l»3jssio 

«CE«©«W«, *£e^ffl«, AIJi 0 5 *Sh h h4^L, 

xiiBt^cD^^x^^A ^m*!). w*ai ncsats 

L^C4t«14t*ll«ll*6 1 OO^Ofti 
^-aiBttO^X-fe^s M^3S12K: 



C5) 



S i 0 2 
A 1 2 0 3 
L i a O 
B 2 0 3 
BaO 
S rO 
MgO 
CaO 
ZnO 
P.O, . 
ZrO, 
T i O, 

T i Oi+'Z'rO, 
HfO, 

AsjOj + SbjOa 



4 0 — 7 0% 
1 0 — 4 2% 
1-1 3% 
0-5% 
0-3% 
0-3% 
0-1 0% 
0-2% 
0-1 0% 
4%£&*T 1 o%^m 
0-2% 
0-4% 
0. 5-5. 5% 
0-3% 
0-2% 
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W*^l 3tciBi£(D^«, fflW/^*ft*BL-j* 
Jf*. ffe>&a, 5 5 0-8 0 0°CrO. 5-5 0B#HB* & 
1 ®NMEffi«f?l>> *t»r, 6 0 0-9 5 O'C-CO. 5 20 

smmrsi 1 2©5fe^-rn^-3ssa«©^^-fe 
i^6 1 3<D^^i»*rti^— mzn<Dtf?x-t? * ? * 

[0 0 2 4] 

tttofe. (JRAfblC) 3W1 0 oit%<D 

[0 02 5 ] $/c. *WM»«:*>^ri|g»ffii«^ *t 
WJt3WJt«W**t««H*T*fBr. -Tfttoft. X*8 
H*«cb»SXIB**-F (timfi*X8lB«rttff> ffiM 

(*&iSl>br-40 ©XfftEltrfSia* l 40 

fcttt 2 0 jffitfiff* L < . Htc«$ *M» * 

[0 0 2 6] £/c v *#6BJ<Dt(|^05S14^^^-fe^^ 
^^0£lS»tBB. <S-a-^'j7*3f>fh (fl-Li, 
O • A 1 ,Oj * 2S i O, ) , fi-a-9y7&4 r@ 

(/3-Li,0- Al.O, • 2S iO.H^f*) , <3 50 
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-531 (fl-S iO,) , £-53l@i§tt (/3-S iO, 
[0027] Ch6S»Witt 4 ^HOfiMUBOtt*/ 

[002 8 ] , cnb<D3£&MA$<Dmm*3£V#<7X'tev 
tt£Li 2 0, AhO^^^'S iO^MSI^ 

[0029] wmamttt*. 

s©¥«a«**r.- metis ENMBgcci: 

L/<, 3 6>tCjff*U^ffiH«3Mn*«i, 

[0 03 0 ] *?Hfffl»K:*>C>T , MUttSffitt (coeffici 
ent of thermal expansion) iii, ¥^!£3H£ifc (av 
eraqe liner thermal expansion) l/Tl>& 0 g-S 

SKMtttt- 5x l O- 7 -- 9 0 x 10- 7 /K»f$L 

' — 85X 1 0"VK**F* U< > -5XlO" 7 --8 
Ox 1 0"VK*«J:9Jf*L/l». 4#&c:7y^-^U- 

SEffcLttC»J:5, JWeSMHStt-Sx io- 7 — 6 0 x 

10- 7 /K^K, -5X10-' 40X10 7 

/K*U:g»*U<, -5X10" 7 --30X10- 7 / 

[0 03 1 ] 5 y #Z<D*>#mM 

2 0GPaeLtr*5C<fc3^»*L<, 4 0GPaJM±"C 
*SCi3^J:r)»aL< / 6 0 GPattlr^S C t& 

[0 03 2 ] *«l«©^^42^$y ^^tt, 
#Sfl**#^tt# U T fc^Sg^S^b^ - 5 x l 0 
"VK-+5X 1 0- 7 /Kt/b$l>CL&tif&\si,\ ft 

*wtc«, jiaima5«ffl<Dj»sgfbx^+^ifi^»j«g 

8KE)NWaflHRXfb»s-5 x l 0" 7 /K-+5x i o 7 
/KtiSCiWJK, -3 x l 0" 7 /K-+3 x 
1 O'VKrfe^Ci^WJU^ 



9 

[0033] numtxf-vt'Xta:. f&0i5g#&<£i»J 

ys^ccoirvc. I^MU/cfeS, «»»t^^y^ 

BBfc^ys/Xttl 8 p pm«mD, S6K:»S 
LOttHK 1 5 p p mfelTTfc 0 k «fK#* L<«13 
p p mJ£TFr£> 9 . L < 6*5 p p m«Tr* 

[0 0 3 4 ] *«BH©//^^42^5 ?**©S i O,, 
L i a O*J:e?A 1,0,A#IX. ±ISJMHr*4* -a 

[0 0 3 5] S iO^it fi©*K«««*fco± 

I C>K1« 4 0-70 %r * t) . <£W£IA> 
§6Htt4 5-6 5%*C*£o 
[ 0 0 3 6 ] A 1 2 OjJG££H2, 1 0%*«TIJ, 

tt, 10-42%r*^ 3 6(cjff*L/l*l5lfflKl 5 — 
40%, *fe»*U^lttl8-3 5%r*5. 
[0 0 3 7 ] L i.OJt&HK* I%*i8rft441^7 

[0 0 3 8 ] B.CfiJt^tt, JR^^^ 

[0 0 3 9 ] BaOlftfttt. 0 -:x-* y :7*-f h@« 
tt(£-Li,0-Al a 0 3 -2Si 0,H»»> te<tCX 
(j8-Si 0 2 @ig#) ofMOSR&tt 



(6) 2003-192385 

10 

*x^l&m^#**< */c0. 5%jy±^Jra 
MX"?* *P0m<D&M7&i t Ateftf tr « © *W <* i 4 

*?£L,<tt0. 5-2. 5%, *fc»*L^|SH»0. 
5-2. o%-c&& 0 

[0040] SrO^/3-^^y7^-fhIS» 
10 (|8-L iiO • A l',Oj • 2S i O 2 @?§tJ0 *5<£tf/S 
-e^@Sf* <<8-S i Q a H*{*) 0<WRiHRitt4 

^m?ZttibWZl,<> Sh( f C0tL<dtO. 5- 
2. 5% v *feW*0C»«HW0.. 5-2. 0%T*& 

20 [ 0 0 4 1 ] */cMg 0^^7X(DSSIS^[^± 

[0 042] CaOI«^«^^©«llfi«a*|oI±S* 
2%£*g*.£±\ 

[0 04 3] ZnO«, ^/^X(D^W^r^J±$ 

T33»J|l£*tr*#, 10%?:ii^<!:^7^5^e 

0, 3&CC»*L/<«0. 5-5%-e*^ e 
[0044] P 2 0,jA»»«SB«^d3n& Itfffl, 
^7^7^7-iUfPfflt^ a JSW^ 
tt^l%Jhr^^5C4%«±^SL<, 4%£«*&C 

10*«*sjff*L<. 9%J^F#<£9»£L<, 8 
[0045] Z rO a :fe%£tfTi O a <D£/£#te> ^fti 

a*, -eft-en 2%, 3%&&?LZ>t, Mtf7x<Di§mm 

ZrO,(0»SlU«Itt0^2. 0%, U> 
S5H«1. 0-1. 5%r<M, T i O t (D#f$t Ll^ffi 
H«0-4. 0% s ^4>*T^bC^«iH5iO. 5-2. 5 
%V*>Z 0 S/cT i 0 2 +Z r0 2 ^5. $%*C%.Z>6 

mm<DmMsmw>m?>tiic< < a^>/cs6 5. 5%*r 

50 iT-£>co^MSL^o 
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[0046] Hfo.dsatt. mx : 7z<DmBmi&&z 

[0 04 7] As 2 O j «ySb J 0 J ^(i 4 *Jlt£*f 

©Bfac[)«Ftt*fflttfc«CC^«H"C. F |4 La,0 3 . T 
a 2 O s . GeO I( Bi a 0 3 , W0 3 , Y,0 3 . Gd 
2 0 3 , SnO,, CoO, NiO, Mn0 2 , F e , 0 3 % 
Cr^,. Nb 2 O s . V a O s , Yb.O,, CeO,, C 

[0 048] P b OJ05#tt t MLhtfS L < 

[0 04 9] JM±<0ffllflE*Wr-5*«?8©//7^-fe^5 
fflfc*cfc«J:SK»Mfc«, *Wt» h Witter 

3 0 0-1 5 5 0°C-C«j6B$ra-8NFM, !RttLtt*s& 

[0 0 5 0] B?ai©J:^Cc, Mtf^xfettfttsfctfc & 
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* [0 05 1 ] JfcK, UMBMrfTS. 5 5 0-8 0 

C^M0fi£^«5 5 0°CJ:0<&<TfcK iiO«8 0 

$U< tt5 8 0-7 5 0°a *fe»ai/l»i8HW6 0 0 

*#tt*f#3fctf>tett, 0. 5-5 0B#ffl(CS^-5Ci 

1 - 3 0^r^tl«M«f* IC^o 
10 [0 05 2] ttiftSfft* 6 0 0-9 5 0°CC[)fiftT\ *S 
WW* (flr2 0Mffifi) . C©M«4b»Htt*e0 0-C 
±t)fil»i+»&J|©il6fttH3&SfiSSUJi<, 9 5 0'C 

j: o *i> & jk#? * ftsMbsse *> u < tmmmh m < * 

£/c*6M£b< frl> 0 »«L<«60 0-9 0"0U « 

». SO'CXhWT, S&CC»*b< &J2 5"C/hJKT 

[0 0 5 3 ] teBfbfifi»COl*-Cfc; 0. 5 — 3 0B$H 

20 Hl-2 0BH'C*ti« t Hfc»*lA>. 
[0054] 

[0 055] 
[*1] 







1 


2 


3 






540 


450 


540 


PA 




5.0 


&0 


4.0 






24.0 


31.5 


240 


LijO 




4.0 


iao 


5.0 


MgO 




1.0 




L.0 


ZnO 




4.5 




45 


BaO 




1.0 


2.0 


1.0 


GaO 




1.0 




1.0 


not 




2.5 


1.5 


2.5 


ZiO fl 




2.0 


L5 


2.0 


SbA 






0.5 




AsA 




1.0 




1.0 


oft" 




100,0 


ioao 


1000 






1520^ 










TOO'CXSh 


61CPCX5H 


70tfCX5h 






78tfCx5h 


72ffCx5h 


700Cx6h 




[iaVK] 


-12 


-30 


-7 




[ppm] 


2 


4 


1 






-14 


-31 


-7 




[iaVK] 


-2 


- 1 


0 




[GP^ 


92 


100 


90 | 




[GPftJ 




39 


38 






a2 


03 


0.2 ! 




[MPfcl 


140 


142 


136 i 



[005 6] 



50 [&2] 
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4 


5 


6 


so, 




53.5 


550 


6L5 


PA 




50 


&0 


6.0 


ALA 




2ao 


240 


2ao 


UP 




40 


40 


4.0 






0.5 




0.5 






45 


3.5 


4.5 


BaO 




0.5 




0.5 


GaO 




0.5 




0.5 






2.6 


2J6 


2.5 


ao, 




2.0 


2X) 


2.0 












AqTL 




1 c\ 
LAj 


i n 

1JU 


in 

IX) 






100.0 


100.0 


100.0 


























■OU 1 1 








[ioVk] 


-11 


-8 


-12 1 






2 


2 


2 




[lOrVKl 


-13 


-7 


-12 




[lOVK] 


-2 


+ 1 


0 






91 


90 


96 


Rij)g*$ 


[GP*] 


37 


38 


38 






0.2 


0.2 


0.3 




[MPe* 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide glass-ceramics that have a negative coefficient 
of thermal expansion and can be stably produced in composition and physical 
properties at a low cost, and to provide a temperature-compensated member. 
SOLUTION: The glass-ceramics comprises 40-7055 of S 1 02, 10-42% of AI203, 1-1 3% of 
Li 20, 0-5% of B203, more than 4% to less than 10% of P205, 0-2% of Zr02 and 0.5- 
5.5% of Ti02+Zr02, by mass. The glass-ceramics has a main crystal phase 
comprising at least one or more selected from the group consisting of b- 
eucryptite (B-Li20-AI203-2Si02), a B-eucryptite solid solution (b-L i 20-A 1 203-2 
S i 02 solid solution), B-quartz (B-Si02) and a B-quartz solid solution (B-Si02 
solid solution). The glass-ceramics has a coefficient of thermal expansion in a 
temperature range from -40° C to +80° C of -5X10-7 to -90X10-7A. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Crystallized glass with which P205 more than 4 mass % are contained, 
and the main crystal phase is characterized by being at least one or more sorts 
chosen from b eucryptite (beta-Li 2 0-a I umi num203 and 2Si02), the b eucryptite 
solid solution (beta-Li 2 0-alumi num203 and 2Si02 solid solution), beta-quartz 
(beta-SiO 2), and beta-quartz solid solution (beta-SiO 2 solid solution). 
[Claim 2] - Crystallized glass according to claim 1 characterized by coefficients 
of thermal expansion in a 40 degrees C - +80 degrees C temperature requirement 
being -5x10-7 - -90x10-7/K. 

[Claim 3] - Crystallized glass according to claim 1 or 2 characterized by 
coefficients of thermal expansion in a 40 degrees C - +80 degrees C temperature 
requirement being -5x10-7 — 80x10-7/K. 

[Claim 4] - It is crystallized glass given in any 1 term among claims 1-3 

characterized by coefficients of thermal expansion in a 40 degrees C - +80 

degrees C temperature requirement being -5x10-7 — 60x10-7/K. 

[Claim 5] It is crystallized glass given in any 1 term among claims 1-4 

characterized by Young's modulus being 20 or more GPas. 

[Claim 6] It is crystallized glass given in any 1 term among claims 1-5 

characterized by Young's modulus being 60 or more GPas. 

[Claim 7] It is crystallized glass given in any 1 term among claims 1-6 

characterized by coef f icient-of-thermal-expansion change in a -40 degrees C - +80 

degrees C temperature requirement after heat-curing epoxy system adhesives 

adhesion for optical-communication members being -5x10-7/K - +5x10-7/K. 

[Claim 8] - It is crystallized glass given in any 1 term among claims 1-7 

characterized by a thermal-expansion hysteresis in a 40 degrees C - +80 degrees C 

temperature requirement being 20 ppm or less. 

[Claim 9] It is crystallized glass given in any 1 term among claims 1-8 
characterized by mean particle diameter of the main crystal phase being less than 
5 micrometers. 

[Claim 10] A crystal phase is crystallized glass given in any 1 term among claims 

1-9 characterized by not containing aluminum2Ti05 crystal. 

[Claim 11] It is crystallized glass given in any 1 term among claims 1-10 

characterized by not containing PbO, Na20, and K20 substantially. 

[Claim 12] By mass %, S i 02 40 - 70Xaluminum 203 10 - 42%Li 20 1 - 13KB-2 03 0 to 

5% BaO 0 to 3% SrO 0 to 3% MgO 0 to 10% CaO 0 to 2% ZnO 0-10XP205 4% is exceeded. 

Less than 10% Zr02 0-2XTiO2 0-4%Ti02+Zr02 0. 5-5. 5XHf 02 0-3KAs203+Sb 203 It is 

crystallized glass given in any 1 term among claims 1-11 characterized by 

containing 0 - 2% of each component. 

[Claim 13] It is crystallized glass given in any 1 term among claims 1-12 
characterized by performing 1st heat treatment at 550-800 degrees C after 
melting, shaping, and annealing for 0.5 to 50 hours, and for the 2nd heat- 
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treating original glass at 600-950 degrees C subsequently for 0.5 to 30 hours, 
and bei ng obtai ned. 

[Claim 14] A temperature-compensation member characterized by using crystallized 
glass given in any 1 term among claims 1-13. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention can be used for 
broad uses, such as information and communication fields, the energy related 
field, and the electronics field, is used as some devices which contain optical 
fibers, such as a fiber grating (fiber grating) and a connector, especially in 
the optical-communication field, and relates to the temperature-compensation 
member using the crystallized glass and this which have a negative coefficient of 
thermal expansion and give temperature compensation to a device. 
[0002] 

[Description of the Prior Art] In current, the optical-communication field, etc., 
the optical fiber is used abundantly. It is called for that an optical-fiber- 
related device does not have an adverse effect on the property of the optical 
fiber itself with temperature. 

[0003] For example, the connector of an optical fiber is used as the input/output 
terminal of a photoelectrical feeder or a light measurement machine, or a thing 
which connects optical cables in an optical-communication line. In order to make 
it distortion by expansion and contraction of the device by the temperature 
change not have an adverse effect on an optical fiber, the device of combining a 
material with a desired coefficient of thermal expansion is required for the 
device aiming at immobilization, connection, and protection of such an optical 
fiber. 

[0004] Moreover, in a wave-length-multiple-telecommunication system, a use is 
expanding a fiber grating as a device which performs distributed compensation, 
wavelength stabilization of semiconductor laser, etc. using the wavelength 
selection property of a narrow-band. However, since the effctive index of a core 
portion changes with temperature, it is known that main wavelength has 
temperature dependence. Therefore, also in such a fiber grating, mitigating the 
effect by the temperature change as much as possible is called for. 
[0005] Furthermore, also in various equipments, a device, etc. which are used in 
not only an optical fiber-related field but the energy related field, the 
information field, etc., in order to prevent generating of distortion generated 
from a temperature gradient, or internal stress, the coefficient of thermal 
expansion of the device which constitutes these equipments, a device, etc., or 
precision components can be adjusted to a suitable value, and the material into 
which dimensional accuracy, dimensional stability and reinforcement, thermal 
stability, etc. can be satisfied is needed further. 

[0006] In the former, the ceramics, crystallized glass, glass, a metal, etc. are 
used from points, like as a material which fitted various devices in respect of a 
temperature change which was described above, thermal resistance is high and the 
value of a coefficient of thermal expansion is small. 
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[0007] However, these materials have the property to expand if the thing which 
has a big coefficient of thermal expansion, i.e., temperature, goes up, and it 
cannot necessarily be said that many of other materials used for a device with 
these materials are optimal materials in order to prevent the effect by the 
temperature change of the whole device, since it has a positive coefficient of 
thermal expansion. Therefore, a material with the property which will be 
contracted if a negative coefficient of thermal expansion which negates a 
positive big coefficient of thermal expansion as a material which opposes a 
temperature change, i.e., temperature, rises is desired. 

[0008] However, it will sink in, the original negative expansion coefficient of 
the ceramics will be negated, a desired coefficient of thermal expansion will be 
obtained, and an activity becomes impossible [ there is an inclination for the 
micro crack of the material with the above-mentioned negative coefficient of 
thermal expansion to increase as a coefficient of thermal expansion goes in the 
negative direction, and sufficient mechanical strength is not obtained, but / the 
grinding fluid at the time of processing organic system low viscosity adhesives, 
etc. ] as above temperature-compensation materials, the material which does not 
sink in grinding fluid and adhesives in order to solve such a trouble and by 
which eburnation was carried out — more — negative — a material [ **** ] is 
des i red. 
[0009] 

[Problem(s) to be Solved by the Invention] It is [0010] by which mineral matter, 
such as b eucryptite, the b eucryptite solid solution, beta-quartz and beta- 
quartz solid solution or the L i 2 0-aluminum203-Si02 system ceramics including 
this crystal, L i 2 0-aluminum203-Si02 system crystallized glass, ZnO-a I umi num203- 
S i 02 system crystallized glass, lead titanate, a titanic-acid hafnium, a 
tungst ic-acid zirconium, and a tungst ic-acid tantalum, etc. is generally known as 
a material which has a negative coefficient of thermal expansion. A non- 
thermosens i t i ve optical element and its manufacture method are described by the 
** table No. 503967 [ 2000 to ] official report. This element is attached in the 
front face of a negative expansibility substrate and this substrate, and consists 
of an optical fiber which has a grid. That it was [ that ] 1.9nm when change of 
the main wavelength of a grid did not join is pressed down to 0. 2nm by joining an 
optical-fiber reflecting grating to a negative expansibility substrate. The 
above-mentioned negative expansibility substrate consists of crystallized glass 
which has a b eucryptite crystal, in the -40-85-degree C temperature requirement, 
coefficients of thermal expansion are -20x10-7 — 100x10-7/K, and the thermal- 
expansion hysteresis is also suppressed by 20 ppm or less. 
[0011] However, in order that the crystallized glass used here may obtain a 
negative coefficient of thermal expansion, it is [ that the diameter of crystal 
grain should form a minute crack including much minute cracks ] larger than 5 
micrometers. Mechanical strength with such a sufficient material is not obtained, 
and also the impregnation of a chemical etc. tends to happen at the time of 
processing. Moreover, since a minute crack is included, if viscous low organic 
system adhesives are used, the organic system adhesives which have a big 
coefficient of thermal expansion in a minute crack portion will sink in, the 
negative thermal-expansion nature of ceramic original will be negated more, and a 
desired coefficient of thermal expansion will be obtained after all. 
[0012] Moreover, a I umi num2T i 05 is included in a crystal phase. It is known that 
it is difficult to produce a hysteresis on the thermal-expansion contraction 
curve of a sintered compact, and for the result of repeat measurement not to be 
in agreement generally, and to enlarge reinforcement since existence of a crack 
is indispensable since aluminum2Ti05 has a remarkable thermal-expansion 
anisotropy. Furthermore, in a manufacturing process, if a vitreous humour is not 
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heat-treated in at least 1300 degrees C for 3 hours or more in order to make it 
crystallize, sufficient negative coefficient of thermal expansion will not be 
obtained, but the cost at the time of manufacture will become high. 
[0013] The member for temperature compensation which consists of a ceramic baking 

object of the negative coefficient of thermal expansion of -30x10-7 85x10-7/K 

is indicated by JP, 2000-31 3654, A by calcinating crystal powder, glass powder, 
etc. and generating many micro cracks all over the grain boundary. However, the 
baking ceramics has comparatively large particle diameter, and since the micro 
crack is produced, when grinding fluid, adhesives, etc. are sunk in, a 
coefficient of thermal expansion changes a lot, and utilization is difficult. 
[0014] Although the low thermal-expansion nature ceramics of ZnO-alumi num203-Si02 
system whose main crystal phases are beta-quartz solid solution and/or the zinc 
petalite solid solution is indicated by JP, 2-208256, A, it is -2.15x10-6 / K (- 
2 1 . 5x 1 0-7/K) which has the lowest coefficient of thermal expansion, and is hard 
to tell it that it has the negative coefficient of thermal expansion low enough 
as this ceramics is looked at by the example. 

[0015] Furthermore, that melting time amount is extremely as short as 10 minutes 
as it is indicated that prolonged melting is not desirable and the example of the 
above-mentioned official report sees, in case parent glass (original glass) is 
formed in the above-mentioned official report since this ceramics contains so 
much the ZnO component which is easy to sublimate at an elevated temperature. 
However, in such a short time, since 20S i 02 and aluminum3 component does not 
fully fuse but melts and remains even if it is an elevated temperature, 
homogeneous parent glass cannot be obtained, and even if it crystallizes parent 
glass heterogeneous in this way, the homogeneous ceramics cannot be obtained. 
[0016] Although it melts and can cancel about the remainder temporarily if it 
fuses for several hours so that it may usually be carried out in case glass is 
fused, a ZnO component sublimates in that case, the presentation of parent glass 
is changed, too, it cannot be stabilized and the homogeneous ceramics cannot be 
obtained. Moreover, the melting temperature of the above-mentioned example is 
1620 degrees C and an elevated temperature, and a manufacturing cost becomes 
high. 

[0017] Moreover, the U.S. Pat. No. 5694503 number official report offers the 
package which attached the optical fiber possessing a refractive-index grating in 
the supporter material which has a negative coefficient of thermal expansion. As 
a negative expansion material, the constituent of Zr-tungstate or Hf-tungstate 
base was used, ZrW 208 with the coefficient of thermal expansion of -4.7 — 
9. 4x1 0-6/K was adjusted, and the material of -9.4x10-6/K has been obtained. By 
fixing an optical fiber, where stress suitable on Perilla frutescens (L.) Britton 
var. crispa (Thunb.) Decne. is applied for this material as supporter material, 
it is supposed that change of the wavelength by the temperature change can be 
lost. 

[0018] However, with the material of ZrW 208 or HfW 208, in order to adjust a 
coefficient of thermal expansion, if the complicated procedure of adding suitably 
the material which has positive coefficients of thermal expansion, such as 
aluminum 203 of a powder condition, Si02, Zr02, MgO and CaO, and Y203, and using 
the mixture as a sintered compact is not completed, it is hard to say that **** 
is suitable for ** and mass production. Moreover, in order to have to mix a 
different material, suitable technology or equipment are not needed and it is not 
necessarily homogeneous. In addition, since phase transition sets near 157 degree 
C and crookedness is found by the thermal-expansion curve, neither ZrW 208 nor 
HfW 208 can be thermally said to be stable in an extensive temperature region. 
[0019] In addition, the liquid crystal polymer is indicated by W0 97/No. 14983 
official report and JP, 10-90555, A as matter which has a negative coefficient of 



http://www4. ipdl . jpo. go. jp/cgi-bi n/t ran_web_cgi_ej je 2004/03/10 



4/12 ^—is 



thermal expansion. However, since a liquid crystal polymer is crystalline 
polymer, its stacking tendency of a crystal is strong, for example, it has 
problems, such as a camber, in an injection-molded product. Moreover, that in 
which the coefficient of thermal expansion of the direction of orientation has a 
negative, very large value of about -100x10-7 / K is a material which 
coefficients of thermal expansion other than the direction of orientation have 
the defect of having a positive big value, and physical-properties values, such 
as bending strength and an elastic modulus, also change greatly with directions, 
and is hard to use for a device. 

[0020] As mentioned above, since the material which has the conventional negative 
coefficient of thermal expansion has some troubles, the actual condition is 
seldom used in the optical-communication field, the energy related field, the 
information field, and other various fields. 

[0021] The object of this invention does not sink in grinding fluid, adhesives, 
etc. from compactness in -40 degrees C - +80 degrees C which is a general 
temperature requirement at the time of being used in the optical-communication 
field, the energy related field, the information field, etc. in view of the 
above-mentioned actual condition, but has a negative coefficient of thermal 
expansion, is low cost, and is offering the temperature-compensation member using 
crystallized glass and this stably producible in respect of a presentation and 
physical properties. 
[0022] 

[Means for Solving the Problem] By heat-treating Li2 G-aluminum203-Si02 system 
glass of a specific presentation range, and depositing a detailed crystal grain 
child, as a result of repeating various test researches, in order that this 
invention person etc. may attain the above-mentioned object It succeeded in 
obtaining crystallized glass which the stability of a material is raised, and 
controls minute crack initiation, and does not have an anisotropy, and it finds 
out that this is suitable as a charge of temperature-compensation lumber, and 
came to make this invention. 

[0023] Namely, invention according to claim 1 contains P205 more than 4 mass %. 
The main crystal phase B eucryptite (beta-Li 2 0-a I umi num203 and 2Si02), The b 
eucryptite solid solution (beta-Li 2 0-a I umi num203 and 2Si02 solid solution), It 
is crystallized glass characterized by being at least one or more sorts chosen 
from beta-quartz (beta-SiO 2) and beta-quartz solid solution (beta-SiO 2 solid 
solution). As for invention according to claim 2, a coefficient of thermal 
expansion in a -40 degrees C - +80 degrees C temperature requirement is 
characterized by being -5x10-7 — 90x10-7/K. It is crystallized glass according 
to claim 1. Invention according to claim 3 - It is characterized by coefficients 
of thermal expansion in a 40 degrees C - +80 degrees C temperature requirement 
being -5x10-7 — 80x10-7/K. It is crystallized glass according to claim 1 or 2. 
Invention according to claim 4 - It is characterized by coefficients of thermal 
expansion in a 40 degrees C - +80 degrees C temperature requirement being -5x10-7 
— 60x1 0-7/K. It is crystallized glass given in any 1 term among claims 1-3. 
Invention according to claim 5 It is crystallized glass given in any 1 term among 
claims 1-4 characterized by Young's modulus being 20 or more GPas. Invention 
according to claim 6 It is crystallized glass given in any 1 term among claims 1- 
5 characterized by Young's modulus being 60 or more GPas. Invention according to 
claim 7 It is characterized by coef f icient-of-thermal-expansion change in a -40 
degrees C - +80 degrees C temperature requirement after heat-curing epoxy system 
adhesives adhesion for optical-communication members being -5x10-7/K - +5x10-7/K. 
It is crystallized glass given in any 1 term among claims 1-6. Invention 
according to claim 8 - It is crystallized glass given in any 1 term among claims 
1-7 characterized by a thermal-expansion hysteresis in a 40 degrees C - +80 
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degrees C temperature requirement being 20 ppm or less. Invention according to 
claim 9 is characterized by mean particle diameter of the main crystal phase 
being less than 5 micrometers. It is crystallized glass given in any 1 term among 
claims 1-8. Invention according to claim 10 It is crystallized glass given in any 
1 term among claims 1-9 characterized by a crystal phase not containing 
alumi num2Ti05 crystal. Invention according to claim 11 It is crystallized glass 
given in any 1 term among claims 1-10 characterized by not containing PbO, Na20, 
and K20 substantially, and invention according to claim 12 is mass %. S i 02 40 - 
70%aluminum 203 10 - 42XU20 1 - 13KB-2 03 0 to 5% BaO 0 to Z% SrO 0 to 2% MgO 0 
to 10* CaO 0 to 2% ZnO 0-10XP205 4% is exceeded. Less than 10% Zr02 0-2XTi020-4X 
Ti02+Zr02 0. 5-5. 5%Hf 02 0-3KAs203+Sb 203 It is crystallized glass given in any 1 
term among claims 1-11 characterized by containing 0 - 2% of each component. 
Invention according to claim 13 1st heat treatment is performed for original 
glass at 550-800 degrees C after melting, shaping, and annealing for 0.5 to 50 
hours. Subsequently It is crystallized glass given in any 1 term among claims 1- 
12 characterized by for the 2nd heat-treating and being obtained at 600-950 
degrees C for 0.5 to 30 hours. Invention according to claim 14 is a temperature- 
compensation member characterized by using crystallized glass given in any 1 term 
among claims 1-13. 
[0024] 

[Embodiment of the Invention] Hereafter, details are explained about the negative 
thermal-expansion nature crystallized glass of this invention. In addition, in 
this invention, crystallized glass is a material which a crystal phase is 
deposited and is obtained in a glass phase by heat-treating glass, and the amount 
of crystals (degree of crystal I ini ty) in the material which carried out phase 
transition not only of the material which consists of a glass phase and a crystal 
phase but all the glass phases to the crystal phase, i.e., a material, also 
contains the thing of 100 mass %. Moreover, about the presentation of a 
constituent, it is mass % altogether. 

[0025] Moreover, in this description, the main crystal phase points out all 
crystal phases with a comparatively large deposit ratio. That is, in the X-ray 
chart (axis of ordinate X diffraction reinforcement and a horizontal axis 
whenever [ angle-of-di f fraction ]) in an X diffraction, when X diffraction 
reinforcement of the Maine peak (highest peak) of a crystal phase with most 
deposit rates is set to 100, the ratio (henceforth an X-ray intensity ratio) of 
the X diffraction reinforcement of the Maine peak (highest peak in each crystal 
phase) of each deposit crystal phase calls some things of all the main crystal 
phase 30 or more. Here, less than 20 are desirable still more desirable, and the 
X-ray intensity ratio of the crystal of those other than the main crystal phase 
is less than five most preferably less than ten. 

[0026] Moreover, the main crystal phase of the negative thermal-expansion nature 
crystallized glass of this invention consists of at least one or more sorts 
chosen from b eucryptite (beta-Li 2 0-a I umi num203 and 2Si02), the b eucryptite 
solid solution (beta-Li 2 0-aluminum203 and 2Si02 solid solution), beta-quartz 
(beta-SiO 2), and beta-quartz solid solution (beta-SiO 2 solid solution). Here, 
in the crystal of b eucryptite or each beta-quartz, the solid solution is 
replaced by elements other than the element with which a part constitutes a 
crystal, or means that by which the atom has invaded between crystals. 
[0027] These main crystal phases are important elements contributed to the 
coefficient of thermal expansion of the negative thermal-expansion nature 
crystallized glass of this invention. It becomes possible to deposit the above- 
mentioned main crystal phase which has a negative coefficient of thermal 
expansion, or to carry out phase transition of all the glass phases to the 
crystal phase containing the above-mentioned main crystal phase, and to control 
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them as the whole crystallized glass at negative-number value within the limits 
of a request of a coefficient of thermal expansion in the glass phase which has a 
positive coefficient of thermal expansion by heat-treating the original glass 
which has a specific presentation on condition that predetermined. 
[0028] The degree of crys ta 1 1 i n i ty to the whole class and the crystallized glass 
of these main crystal phases is determined by all the heat treatment temperature 
for L i 20 of specific presentation within the limits, aluminum203, the content 
rate of S i 02 , and crystallization mentioned later. 

[0029] The diameter of average crystal grain expresses the average of the 
magnitude of the crystal grain child who constitutes the polycrystal I ine 
substance. SEM observation performs measurement. If the diameter of average 
crystal grain is large, a surface state becomes coarse, and it will be hard 
coming to obtain a precise material, and will be easy to become the cause of a 
minute crack. Therefore, the range where less than 5 micrometers is desirable 
still more desirable is less than 3 micrometers, and the most desirable range of 
particle size (average) is less than 2 micrometers. 

[0030] In this description, the coefficient of thermal expansion (coefficient of 
thermal expansion) has pointed out the mean coefficient of linear expansion 
(average liner thermal expansion). In order to use it as a temperature- 
compensation member of various devices, -5x10-7 — 90x10-7/K is desirable, when 
using for an optical-communication-related device, -5x10-7 — 85x10-7/K of a 
coefficient of thermal expansion are desirable, and its -5x10-7 — 80x10-7/K are 
more desirable. -5x10-7 — 60x10-7/K of a coefficient of thermal expansion are 
desirable, its -5x10-7 — 40x10-7/K are more desirable, and especially its -5x10- 
7 — 30x1 0-7/K are desirable so that a coefficient of thermal expansion may not 
change as a charge of temperature-compensation lumber of a fiber grating device 
especial ly. 

[0031] As for the Young's modulus of the crystallized glass of this invention, it 
is desirable that they are 20 or more GPas, it is more desirable that they are 40 
or more GPas, and it is desirable that they are especially 60 or more GPas. 
[0032] Even if organic system adhesives, moisture, etc. adhere, as for the 
crystallized glass of this invention, it is desirable that coef f i c i en t-of- 
thermal-expans ion change is as small as -5x10-7/K - +5x10-7/K. It is desirable 
that the coef f ici ent-of-thermal-expans ion change after the heat-curing epoxy 
system adhesives adhesion for optical-communication members is -5x10-7/K - +5x10- 
7/K, and, specifically, it is more desirable that they are -3x10-7/K - +3x10-7/K. 

[0033] In measurement of a coefficient of thermal expansion, a thermal-expansion 
hysteresis is the difference (namely, maximal value of the coef f »cient-of- 
thermal-expansion difference at the time of the temperature up in each 
temperature, and a temperature fall) of deltaL/L value in the temperature from 
which it is at the tempera ture-up and temperature fall time, and most separated 
of the curve, when measurement to low warm elevated temperatures and low 
temperature from an elevated temperature is performed and deltaL/L curve is 
drawn. As for saying [ that the coefficients of thermal expansion at the time of 
temperature up and a temperature fall differ greatly, i.e., a material 
configuration changes in rising and falling temperature ], temperature 
compensation cannot be performed when using it as various members for temperature 
compensation. As a result of examining many things about this thermal-expansion 
hysteresis, it found out that it was applicable as a member for temperature 
compensation by setting a thermal-expansion hysteresis to 20 ppm or less. In 
addition, a more desirable thermal-expansion hysteresis is 18 ppm or less, and a 
still more desirable range is 15 ppm or less, is 13 ppm or less especially 
preferably, and is 5 ppm or less most preferably. 
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[0034] S i 02, L i 20, and 20aluminum3 component of the crystallized glass of this 
invention are an important component used as the component of the b eucryptite 
which is the main crystal phase, the b eucryptite solid solution, beta-quartz, 
and beta-quartz solid solution. 

[0035] If the desired main crystal phase stops being able to deposit fully easily 
and S i 02 component exceeds 70%, when the amount is less than 40% although it is a 
principal component of the above-mentioned main crystal with a negative 
coefficient of thermal expansion, since melting founding of glass turns difficult 
up and crystal phases other than a request main crystal phase deposit, the range 
where the amount of S i 02 components is desirable is 40 - 70%, and a more 
desirable range is 45 - 6 5%. 

[0036] At less than 10%, since melting of glass becomes difficult, the 
homogeneity of Hara glass falls, and the desired main crystal phase stops being 
able to carry out easily for the initial-complement generation of the 20aluminum3 
component. On the other hand, since the melting point will become an elevated 
temperature too much and melting founding of glass will become difficult if it 
exceeds 42%, the range where 20aluminum3 component is desirable is 10 - 42%, a 
still more desirable range is 15 - 40%, and the most desirable range is 18 - 35%. 

[0037] Fusion of original glass becomes difficult for a L i 20 component to be less 
than 1%, and the main crystal phase of a request of a complement is no longer 
obtained. Moreover, if it exceeds 13%, since it will be hard coming to vitrify 
and the reinforcement of the crystallized glass after heat treatment will 
moreover fall, a desirable range is 1 - 13%, and the most desirable range is 3 - 
10%. 

[0038] Although B-203 component can be added to arbitration for the object, such 
as a melting nature improvement of original glass, if it is a component used as 
the glass phase portion of the negative thermal-expansion nature crystallized 
glass of this invention and the amount exceeds 5%, trouble will be caused to 
generation of the desired main crystal phase, and the thermal resistance of 
crystallized glass will get worse. 

[0039] Although a BaO component is an important component used as the component 
of the b eucryptite solid solution (beta-Li 2 0-aluminum203 and 2Si02 solid 
solution) and beta-quartz solid solution (beta-SiO 2 solid solution), if the 
amount of each [ these ] component exceeds 3%, the coefficient of thermal 
expansion of glass will become large, and the coefficient of thermal expansion of 
crystallized glass will become large. Moreover, since it is effective in 
maintaining the devitrification-proof nature of original glass while preventing 
the platinum of a crucible and other metallic elements in original glass alloying 
at the time of dissolution of original glass by adding 0.5% or more, if it can 
do, containing 0.5% or more will be desirable still more desirable, and the most 
desirable range will be 0.5 - 2.0% 0.5 to 2.5%. 

[0040] Although it is the important component from which a SrO component also 
serves as a component of the b eucryptite solid solution (beta-Li 2 0-a I umi num203 
and 2S i 02 solid solution) and beta-quartz solid solution (beta-SiO 2 solid 
solution), if the amount of each [ these ] component exceeds 3%, the coefficient 
of thermal expansion of glass will become large, and the coefficient of thermal 
expansion of crystallized glass will become large. However, since there is an 
effect which makes a thermal-expansion hysteresis small by combining with other 
R0 (metallic oxide) components,' if it can do, containing 0.5% or more will be 
desirable still more desirable, and the most desirable range will be 0.5 - 2.0% 
0.5 to 2.5%. 

[0041] Moreover, although a MgO component has the effect of raising melting 
founding of glass, since there is an effect which enlarges the coefficient of 
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thermal expansion of crystallized glass, if 1 0% is exceeded, the stability of 
glass will worsen. It is desirable that it is 2% or less still more preferably 
[ it is des i rable and ] to 5%. 

[0042] Although a CaO component has the effect of raising melting founding of 
glass, if 2% is exceeded, since sufficient negative coefficient of thermal 
expansion will no longer be obtained, it is still more preferably [ it is 
desirable and / to 2% / 1.5% or less of ] good. 

[0043] Although a ZnO component has the effect which makes negative the 
coefficient of thermal expansion of the effect of raising melting founding of 
glass, and crystallized glass, if 10% is exceeded, the stability of glass will 
worsen. A desirable range is a range which does not exceed 6%, and is 0.5 - 5% 
still more pref erabl y. 

[0044] 20P5 component acts as a crystalline-nucleus formation agent, and acts as 
a glass former. In order to prevent the devitrification nature of original glass, 
4% or more is desirable and it is more desirable to exceed 4%. Moreover, since 
fusion founding of original glass may become difficult and a non-fused object may 
be generated when it exceeds 10%, less than ten are desirable, 9% or less is more 
desirable, and especially 8% or less is desirable. 

[0045] Although each of each components of Zr02 and T i 02 acts as a crystalline- 
nucleus formation agent, when the amount of each [ these ] component exceeds 2% 
and 3%, respectively, melting founding of original glass may become difficult and 
non-melt may occur. In addition, the desirable range of Zr02 is 0 - 2.0%, the 
most desirable range is 1.0 - 1.5%, the desirable range of T i 02 is 0 - 4.0%, and 
the most desirable range is 0.5 - 2.5%. Moreover, since a desired coefficient of 
thermal expansion will become is hard to be obtained if T i 02+Z r02 surpasses 5.5%, 
carrying out to to 5,5% is desirable. 

[0046] Although Hf02 component is a component which makes small the coefficient 
of thermal expansion of original glass, if it exceeds 3%, melting nature will get 
worse. But a desirable range is 2% or less. 

[0047] Although 20As 203 and Sb3 component can be added as a clarifier in the 
case of glass melting since it obtains a homogeneous product, the amount of these 
components is enough in total even at 2%. In in addition, the range which does 
not spoil the property of a request of the crystallized glass of this invention 
to everything but the above-mentioned component F2, La 203, Ta205, Ge02 and Bi 
203, and W03 and Y — 203, Gd203, and Sn02, CoO, NiO, Mn02 and Fe2 — 03, Cr 203, 
Nb205, and V2 — 05 and Yb2 — 03, Ce02, Cs20, etc. can be added to 3% of each. 
[0048] In addition, a PbO component is a component which is not desirable on 
environment, and in the process after membrane formation, washing, etc., since 
these ion is spread and the physical properties of the negative thermal-expansion 
nature crystallized glass of this invention change, it is desirable [ a Na20 and 
K20 component ] not to contain substantially a PbO, Na20, and K20 component. 
[0049] The crystallized glass of this invention which has the above presentation 
is manufactured by the following methods, first, it becomes the presentation 
mentioned above — as — raw materials for glass, such as an oxide, a carbonate, 
a hydroxide, and a nitrate, — weighing capacity — it prepares and puts into 
crucible etc., and i t fuses, agitating at about 1300-1550 degrees C for about 6 
hours to 8 hours, and the original glass of a clear condition is obtained. Next, 
it crystallizes by the following methods. 

[0050] As mentioned above, after fusing original glass, the cast is carried out 
to metal mold etc., and it fabricates and cools slowly. 
[0051] Next, it heat-treats. First, it holds at the temperature of 550-800 
degrees C, and nucleation is urged (1st heat treatment). Whether it is lower than 
550 degrees C or this nucleation temperature is higher than 800 degrees C, a 
desired crystalline nucleus cannot generate it easily. 580-750 degrees C and the 



http://www4. ipdl. jpo.go. jp/cgi-bi n/tran_web_cgi_ej je 2004/03/10 



9/12 ^-v 



most desirable range are 600-700 degrees C still more preferably. Moreover, about 
heat treatment time amount, in order to acquire a desired property, it is 
desirable to set up in 0.5 - 50 hours, and if it is 1 - 30 hours from the point 
of a more desirable property, and productivity and cost, it is still more 
desi rable. 

[0052] It crystallizes at the temperature of 600-950 degrees C after nucleation 
(2nd heat treatment). Since it will softening-deform, or it will be easy to 
remelt and original glass will become if higher [ if this crystallization 
temperature is lower than 600 degrees C, sufficient quantity of the main crystal 
phase cannot grow easily, and ] than 950 degrees C, it is not desirable. 600-900 
degrees C and the most desirable range are 650-800 degrees C preferably. As for 
after crystallization, it is desirable to anneal 50 degrees C /or less at 25 
degrees C/h or less in speed still more preferablyh. 

[0053] Also about crystallization temperature, it is desirable to set up in 0.5 - 
30 hours, and since it is the same as that of the 1st heat treatment, if it is 1 
- 20 hours, it is still more desirable. 
[0054] 

[Example] Next, the example of the negative thermal-expansion nature crystallized 

glass of this invention is explained. In addition, this invention is not limited 

to these examples. 

[0055] 
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[0056] 

[A table 2] 
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[0057] A presentation ratio, a melting temperature, nucleation temperature, 
nucleation time amount, nuclear growth temperature, nuclear growth time amount, a 
coefficient of thermal expansion, the coefficient of thermal expansion after 
epoxy system adhesives adhesion, Young's modulus, rigidity, a Poisson's ratio, 
and flexural strength were shown in a table 1 and a table 2 about example No.1- 
No.6 of the crystallized glass of this invention. Moreover, the thermal-expansion 
curve before and behind adhesives adhesion of an example 1 is shown in drawi ng 
1 . 

[0058] The crystallized glass of examples 1-6 was manufactured as follows. First, 
raw materials for glass, such as an oxide, a carbonate, a hydroxide, and a 
nitrate, were fused [ weighing capacity and ] for 6 to 8 hours with the melting 
temperature which prepared, put into the platinum crucible and described this in 
tables 1 and 2 using usual dissolution equipment, and were agitated so that it 
might become the presentation of a table 1 and a table 2. 

[0059] Next, after carrying out the cast of the fused original glass to metal 
mold and fabricating it, it cooled slowly and the glass Plastic solid was 
acquired, respectively. Then, the glass Plastic solid was put into the 
crystallization furnace as it was, and the crystalline nucleus was formed in 
heating, the nucleation temperature which carried out temperature up and which 
was shown in a table 1 and a table 2, and nucleation time amount. Then, after 
crystallizing in heating, the nuclear growth temperature which carried out 
temperature up and which was similarly shown with a table 1 and a table 2, and 
nuclear growth time amount, it cooled slowly at 50 degrees C/h or less in speed, 
and crystallized glass was obtained. 

[0060] Cutting polishing etc. was processed so that it might become a desired 
configuration, temperature up was carried out at 150 degrees C/about h speed 
after processing, it was kept warm at 200-400 degrees C for about 3 hours, and 50 
degrees C /cooled preferably h after that at 5-10 degrees C/about h temperature 
fa 1 1 speed. 

[0061] From the crystallized glass of each example acquired as mentioned above, 
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the sample with a diameter [ of 5mm ] and a length of 20mm was cut off, and the 
coefficient of thermal expansion and hysteresis in a -40 degrees C - +80 degrees 
C temperature requirement were measured with Rigaku TAS200 apparatus for 
thermomechanical analysis. Then, the heat-curing epoxy system adhesives for 
commercial optical-communication members were made to adhere to the measured 
material, and after carrying out temperature up by h in 100 degrees C /and heat- 
hardening in 100 degrees C and 1h, it cooled slowly to the room temperature. The 
coefficient of thermal expansion [ in / for this sample / -40 degrees C - +80 
degrees C of temperature requirements ] was again measured with Rigaku TAS200 
apparatus for thermomechanical analysis. 
[0062] The example of a comparison is explained to below. 
(Example 1 of a comparison) As a comparison, it is S i 02 at mass %. 50.3%, 
aluminum 203 36. 7%, L i 20 9. 736, T i 02 3.3% of raw material was dissolved at 1600 
degrees C, after preparing, weighing capacity and, the glass Plastic solid was 
acquired, it crystallized in 1300 degrees C and 4h, and the coefficient of 
thermal expansion obtained the crystallized glass of -78x10-7/K. Moreover, the 
coefficients of thermal expansion after adhesives adhesion were 1 . 0x1 0-7/K like 
the example. The thermal-expansion curve before and behind adhesives adhesion is 
shown in drawi ng 2 . 
[0063] 

[Effect of the Invention] Even if it has the coefficient of thermal expansion of 
negative expansion in a -40 degrees C - +80 degrees C temperature requirement and 
makes water and organic system adhesives adhere, change of a coefficient of 
thermal expansion is -5x10-7 - +5x10-7/K by the crystallized glass of this 
invention heat-treating the Li2 0-a I umi num203-S i02-Ti02 system glass of a 
specific presentation range, and crystallizing, as stated above. Therefore, 
temperature compensation can be given to a device by combining and using it in 
optical devices, such as a fiber Bragg grating often used, a connector, a coupler 
of an optical fiber, and optical waveguide, with the material and the organic 
system adhesives whose coefficient of thermal expansion is positive in the 
optical-communication field. 

[0064] Moreover, it is the material which has thermal stability and does not have 
an anisotropy in respect of various properties, and upwards, minute crack 
initiation is controlled and it excels in depositing a detailed crystal grain 
child at the mechanical strength. Furthermore, since the problem of the 
coef f icient-of-thermal-expansion change by washing and fiber adhesion which had 
become a problem until now is also lost and it excels in processab i li ty, the 
activity to the ferrule of a connector etc. is also possible. 
[0065] For example, when forming a phiO. 125mm small hole in a cylinder with a 
diameter [ of 1.25mm ] (phi), and a length of 6.5mm, by the general processing 
method, it is dramatically difficult. In the crystallized glass of this 
invention, after carrying out grinding to a semicircle cylinder first and 
carrying out mirror polishing of the front face, if the slot of the shape of a 
semicircle with a depth of about 0.063mm or V character is formed in the center 
and two of these are made to rival, a desired small hole can be obtained. 
Moreover, a taper is formed so that the edge side of a slot may be made deep (for 
example, 0.45mm) and it may become shallow gradually in this case, and if it is 
processed so that the edge of a small hole may become trumpet-like, a fiber can 
be inserted smoothly. 

[0066] It can be used in the energy related field, information and communication 
fields, the electronics field, etc. other than the optical-communication field, 
and can be used for a broad use as a temperature-compensation member by the shape 
of bulk. 

[0067] Moreover, the crystallized glass of this invention can fuse and 
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manufacture original glass at low temperature comparatively compared with the 
former, and since the heat treatment temperature of crystallization is also still 
lower, it can produce it by low cost. And since it is the component which can 
control a presentation ratio easily excluding an unstable component during a 
presentation, also in the point of a presentation and physical properties, it is 
stably producible. 



[Translation done.] 
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